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APPARATUS AND METHOD FOR EVALUATING FUEL INJECTORS 

Field of the Invention 

[0001] The present invention relates to fuel injectors, including, but not limited 
to, the measurement of the pressure of fluid before it is discharged from a fuel 
injector nozzle. 

Background of Invention 

[0002] Devices and methods for testing the performance of high-pressure fuel 
injectors, such as those commonly used in diesel engines, are known. Generally, 
the testing devices or methods are used to: 1) evaluate the spray pattern of a fluid 
discharged from the injector nozzle; 2) measure the flow rate of fluid from the 
injector; 3) determine the lubricating or fouling characteristics of the fluid in the 
fuel injector; or 4) measure the pressure of fluid in the fuel injector. Because of 
environmental requirements for cleaner burning diesel engines, control of the fluid 
pressure, and therefore measurement of fluid pressure near the nozzle outlets of 
the fuel injector, is important in determining fuel injector performance. The fluid 
pressure at the nozzle discharge ports impacts fuel combustion patterns and 
associated formation of by-product air pollutants. 

[0003] Previously, the pressure of the fluid supplied to a fuel injector is measured 
at a fuel rail that is downstream of a fuel pump, but before the fuel injector. As 
shown in FIG. 1, a fuel injector 101 is charged with fluid from a fluid tank 103 by a 
fuel pump 105 via a fuel rail 107. A pressure sensor 109, such as a strain-gauge 
pressure sensor, measures the fluid pressure in the fuel rail 107. A pressure 
regulator 111, which is connected to the fuel rail 107, maintains the pressure in the 
fuel rail 107 during fuel injector 101 operation. 

[0004] Prior methods use a strain gauge type pressure sensor to measure fluid 
pressure. Strain-gauge type pressure sensors suffer from distortion of the pressure 
measurement due to mechanical stresses induced in high-pressure applications. 
Placing of pressure sensors in the fluid channels and cavities inside the fuel injector 
nozzle is known. The mounting of pressure sensors in the fluid channels and 
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cavities within the fuel injector nozzle is difficult, and disrupts both fluid flow 
patterns and the metering of the fluid. 

[0005] Accordingly, there Is a need for a method of measuring fluid pressure of a 
fuel injector, which method does not disturb fluid flow patterns or the metering of 
fluid discharged from the fuel injector. 

Summary of Invention 

[0006] An apparatus and a method for the measurement of the pressure of a 
fluid, such as diesel fuel or gasoline, near the nozzle of a fuel injector are provided. 
A fuel injector testing apparatus includes a fuel injector that is connected to a fluid 
supply system and has a nozzle with at least one discharge port. An orifice near 
the discharge ports in the nozzle communicates fluid to a pressure sensor that 
measures fluid pressure. 

[0007] In a method of the present invention, a fuel injector is charged with a 
fluid, the fluid is discharged from the fuel injector, and the fluid pressure is 
measured near the discharge of the fuel injector. 

Brief Description of tlie Drawings 
[0008] FIG. 1 illustrates a known apparatus for measuring pressure at a fuel rail. 

[0009] FIG. 2 illustrates an apparatus for measuring fluid pressure at a nozzle of 
a fuel injector in accordance with the invention. 

[0010] FIG. 3 illustrates an embodiment of a fuel injector testing apparatus for 
measuring fluid pressure at the nozzle of the fuel injector in accordance with the 
invention. 

[0011] FIG. 4a illustrates a pressure sensor in relation to the nozzle of the fuel 
injector in accordance with the invention. 
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[0012] FIG. 4b illustrates a pressure sensor In relation to a needle of the fuel 
injector in accordance with the invention. 

Detailed Description of the Invention 

[0013] The present invention includes an apparatus and method for measuring 
fluid pressure near or within the nozzle of a fuel injector. The present invention 
includes the communication of high-pressure fluid from a fluid cavity in the nozzle 
to a pressure sensor for pressure measurement. Fluid pressure is measured near 
the fuel injector discharge by one or more pressure sensors. The pressure sensors 
are capable of measuring changes in fluid pressure without disrupting normal fluid 
injection and metering. 

[0014] FIG. 2 shows an apparatus for testing a fuel injector 201. The apparatus 
includes a fluid tank 203 that supplies a fuel pump 205. The fuel pump 205 
discharges into a fuel rail 207 that Is connected to one or more fuel injector inlets 
211. When the apparatus is a test engine, the fuel rail 207 may be connected to 
more than one fuel injector. Further, the fuel rail 207 may be connected to a 
pressure regulation device (not shown) that controls the fluid pressure in the fuel 
rail 207. An actuator 209 controls the injection of fuel into and through the fuel 
injector 201, and the fuel injector 201 includes a nozzle 213 through which fuel is 
discharged. 

[0015] An actuator 209 is operably connected to the fuel injector 201, and 
controls the discharge of fluid from a nozzle 213 by controlling the position of a 
needle 403 (see FIG- 4a) inside the nozzle 213. Fuel injector activation may be 
mechanical, hydraulic, electronic, and so forth. 

[0016] Fluid from the nozzle 213 is discharged into a chamber 217 that functions 
as a fluid receiver or simulates a combustion chamber of an internal combustion 
engine. Fluid from the chamber 217 exits through drain lines 221 that combine at 
a fluid conduit 222 that feeds the fluid to a flow meter 223. The flow meter 223 
measures the flow of the fluid discharged after each operation of the fuel injector 
201. For simulation of fuel injector operation in high-pressure diesel engines, the 
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fluid may pass through a pressure control valve 227 that controls the operating 
pressure of the apparatus. The fluid returns to fluid tank 203 for continued use in 
the apparatus. Alternatively, the fluid may pass into a fluid collector where the 
fluid accumulates and is not continuously returned to the fuel injector 201. A 
holder 219 supports the components of the apparatus. 

[0017] The pressure sensor 215 is disposed near, within, or adjacent to the 
orifice 411 to facilitate measurement of fluid pressure. For example, the pressure 
sensor 215 may be mounted adjacent to an orifice 411, such that fluid pressure 
inside the nozzle 213 is communicated through the orifice 411 to the pressure 
sensor 215 that is connected to a monitoring device 229. Optimally, the pressure 
sensor 215, such as a high-precision piezoelectric quartz transducer model number 
4067A2000 available from Kistler Internationale A.G., is capable of measuring 
rapidly changing high pressures typical of diesel engine fuel injector operation. 

[0018] An embodiment shown in FIG. 3 depicts the mounting of the fuel injector 
201 such that a metal-to-metal leak-resistant seal is formed between the pressure 
sensor 215 and the nozzle 213. In this embodiment, the fuel injector 201 is 
mounted to a test block 302 by a cone nut 300. The nozzle 213 extends from the 
test block 302 into the chamber 217 within an adaptor 308. The pressure sensor 
215 is mounted to and held in place by the adaptor 308 and presses against the 
nozzle 213. The holder 219 supports the adaptor 308. A seal 304 is mounted 
between the holder 219 and the test block 302. Drain channels 306 from the 
chamber 217 continue through the holder 219. The open ends of the drain 
channels 306 form one end of the drain lines 221. 

[0019] A method of the present invention includes the step of charging the fuel 
injector 201 with a fluid. For tests that simulate diesel engine operation, the fluid 
may be pressurized, for example, up to 2,000 bar before the fuel injector 201 is 
charged with the fluid. Fluid from the nozzle 213 is discharged, and the fluid 
pressure near or within the nozzle 213 is measured by the pressure sensor 215. 
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[0020] During the operation of the apparatus, fluid is drawn fronn the fluid tank 
203 and into the fuel pump 205. The fluid passes from the fuel pump 205 into the 
fuel rail 207 and into the fuel injector 201 via a fuel injector inlet 211. Upon 
activation of the fuel injector 201 by the actuator 209, the fluid passes through and 
is discharged from the nozzle 213. Fluid that is discharged from the nozzle 213 
enters the chamber 217, and exits through the drain lines 221. Fluid in the drain 
lines 221 combines in the combined fluid conduit 222. The combined fluid flows 
through the flow meter 223, which measures flow rate of the fluid discharged after 
each injection of fluid. Fluid flows through a pressure control valve 227, which 
controls the operating pressure of the apparatus. The fluid exits the pressure 
control valve 227 and empties into the fluid tank 203. 

[0021] The pressure sensor 215 generates a signal that is sent to the monitoring 
device 229. The monitoring device 229 stores, displays, and/or prints fluid 
pressure during operation of the apparatus. 

[0022] The present invention is not limited to a fuel injector with an orifice for 
measuring pressure at a tip of the nozzle 213. Orifices may be located at different 
positions on or within the nozzle 213, and orifices may be located in the needle 
403. 

[0023] As shown in FIG. 4a, one embodiment of the present invention provides 
for pressure measurement at a nozzle 213. A needle 403 is slideably mounted 
inside the nozzle 213, and moves up and down axially within the fuel injector 201. 
A fluid cavity 405 exists between the needle 403 and the nozzle 213. As shown in 
the figures, the lower surface of the needle 403 and the inner surface of the nozzle 
213 form at least a part of the outer boundary of the fluid cavity 405. 

[0024] The nozzle 213 has one or more discharge ports 409. In addition to the 
discharge ports 409, the nozzle 213 has at least one orifice 411. As shown in FIG. 
4a, the orifice 411 is located adjacent to the outer boundary of the fluid cavity 405. 
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The pressure sensor 215 is mounted adjacent to the orifice 411 such that fluid in 
the fluid cavity 405 is communicated to the pressure sensor 215. 

[0025] As shown in FIG. 4b, the pressure sensor 215 may alternatively be 
mounted adjacent to an orifice 413 disposed in the needle 403. In this 
embodiment, the orifice 413 is located adjacent to the fluid cavity 405. The 
pressure sensor 215 is adjacent to the orifice 413, such that fluid pressure in the 
fluid cavity 405 is communicated to the pressure sensor 215. This alternative is 
applicable for the testing of fuel injectors in diesel engines because the pressure 
sensor is not mounted In the combustion chamber. In either embodiment, the 
pressure sensor 215 is in communication with the fluid cavity 405 through either 
orifice 411 or 413, and a leak-resistant seal is advantageously formed between the 
nozzle 213 or the needle 403 and the pressure sensor 215. 

[0026] Upon activation of the fuel injector 201, the actuator 209 induces axial 
movement of the needle 403 relative to the nozzle 213. The movement of the 
needle 403 controls the flow of fluid into the nozzle 213, and eventually out of the 
discharge ports 409 in the nozzle 213. As the needle 403 moves, the size of the 
fluid cavity 405 changes and fluid either enters or exits the fluid cavity 405 as the 
position of the needle 403 allows. When the needle 403 moves to force fluid out 
the nozzle 213, fluid in the fluid cavity 405 is discharged through the discharge 
ports 409 in the nozzle 213. 

[0027] In one embodiment of the present Invention, the movement of the needle 
403 allows the fluid in the fluid cavity 405 to be ejected from the nozzle 213 
through the discharge ports 409 and into the chamber 217. At the same time, the 
fluid is in communication with the pressure sensor 215 through the orifice 411 in 
the nozzle 213. The pressure sensor 215 measures the pressure of the fluid in the 
fluid cavity 405. During fuel injector activation and as the position of the needle 
403 changes, the pressure of the fluid In the fluid cavity 405 may increase or 
decrease, and may do so rapidly. 
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[0028] Alternatively, the fluid in the fluid cavity 405 may be forced out of the 
nozzle 213 through the discharge ports 409 in the nozzle 213, and at the same 
time, the fluid is in communication with the pressure sensor 215 through the orifice 
413 in the needle 403. The pressure sensor 215 detects and/or measures the fluid 
pressure in the fluid cavity 405. 

[0029] In a method of the present invention, the fuel injector 201 is charged with 
a fluid, the fluid is discharged from the nozzle 213 of the fuel injector 201, and the 
pressure of the fluid is measured in close proximity to discharge ports 409 in the 
nozzle 213. 

[0030] The method may be utilized to develop new fuel injectors, to test 
commercially produced fuel injectors, and so forth. A nozzle 213, which may be 
interchangeable on different types or designs of fuel injectors, is provided. The 
nozzle 213 has an orifice 411 in close proximity to the discharge ports 409. The 
nozzle 213 is installed on the fuel injector, and the fuel injector is tested. After the 
test is complete, the nozzle 213 may be removed, and may be utilized to test other 
fuel injectors. The original nozzle may then be replaced on the tested fuel injector. 
Alternatively, the fuel injector 201 may be modified as shown and described with 
respect to FIG. 4b. 

[0031] Alternatively, the fuel injector 201 may randomly or otherwise selected 
from a lot of commercially produced or otherwise manufactured fuel injectors 201. 
The nozzle 213 is removed from the selected fuel injector 201, and an orifice 411 is 
drilled in the nozzle 213. The nozzle 213 with the orifice 411 is reinstalled on the 
fuel injector 201, and the fuel injector 201 is tested. Upon completion of the 
testing, the fuel injector 201 is either discarded or rebuilt by installing a new 
nozzle. 

[0032] An advantage of the present invention is the measurement of fluid 

pressure near or within the nozzle 213 of the fuel injector 201. The fluid pressure 
in the fluid cavity 405 between the nozzle 213 and the needle 403 may be referred 
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to as sac pressure. Both the pressure sensor type and location may affect accurate 
measurement of sac pressure. Because piezoelectric quartz pressure transducers 
are a type of pressure sensor that is less susceptible to distortion caused by 
mechanical stresses induced, for example, in high-pressure applications, this type 
of pressure sensor is advantageously utilized to measure high fluid pressures, such 
as diesel fuel injector sac pressures or pressures changes in fluid cavities generally. 
Piezoelectric quartz transducers may advantageously be utilized in a high-pressure 
test apparatus or in test engines, such as diesel engines. Piezoelectric quartz 
transducers may advantageously be used to monitor diesel engine combustion 
chamber events or to indicate fluid flow from a fuel injector. 

[0033] The present invention may be embodied In other specific forms without 
departing from its spirit or essential characteristics. The described embodiments 
are to be considered in all respects only as illustrative and not restrictive. The 
scope of the invention is, therefore, indicated by the appended claims rather than 
by the foregoing description. All changes that come within the meaning and range 
of equivalency of the claims are to be embraced within their scope. 
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